f Cefoxitin could be an alternative to carbapenems in extended-spectrum-beta-lactamase-producing Escherichia coli (ESBL-EC) infections. However, pharmacological and clinical data regarding cefoxitin are limited. Using a recent pharmacological model and the MICs of ESBL-EC collected from pyelonephritis, we determined the probabilities to reach four pharmacological targets: free cefoxitin concentrations above the MIC during 50% and 100% of the administration interval (T>MIC ‫؍‬ 50% and T>MIC ‫؍‬ 100%, respectively) and free cefoxitin concentrations above 4؋ MIC during 50% and 100% of the administration interval (T>4MIC ‫؍‬ 50% and T>4MIC ‫؍‬ 100%, respectively). Cefoxitin could be used to treat ESBL-EC pyelonephritis, but administration modalities should be optimized according to MICs in order to reach pharmacological targets.
xtended-spectrum-beta-lactamase-producing Enterobacteriaceae (ESBL-PE), especially Escherichia coli, have become a major public health issue worldwide (1, 2) . Since they are often resistant to other antibiotics, ESBL-PE require carbapenems prescription (3) . The increasing rate of ESBL-PE infections runs the risk of carbapenems overconsumption (4) and thus to the spread of last-resort antibiotic-resistant Enterobacteriaceae strains (5) . Alternatives to carbapenems are urgently needed. As cephamycins demonstrate in vitro activity against ESBL-PE, some authors suggest that this class of antibiotics could be used in ESBL-producing E. coli (ESBL-EC) infections (6, 7) . However, data concerning the use of cefoxitin for the treatment of ESBL-PE infections are scarce, and pharmacodynamic target attainment probabilities in pyelonephritis have not been studied so far.
Our aim was to assess the probability of target attainment for cefoxitin in adult patients with ESBL-EC pyelonephritis. Since the renal parenchyma itself is infected in pyelonephritis, we assumed that therapeutic success was dependent on cefoxitin plasma concentration. Between 2008 and 2012, we collected 145 nonduplicate ESBL-EC strains from the urine of patients with proven pyelonephritis in 2 French university hospitals. The antimicrobial susceptibility testing was performed by the conventional disk diffusion methodology as described by the European Committee on Antimicrobial Susceptibility Testing (EUCAST) (8) . Strains were considered being susceptible to cefoxitin when the inhibition diameter zone measurement was Ն19 mm (30-g disk; Bio-Rad, Marne-la-Coquette, France). ESBL production was authenticated by a double-disk synergy test using amoxicillin-clavulanic acid application next to ceftriaxone and cefepime disks (Bio-Rad, Marne-la-Coquette, France) (9) . Cefoxitin MICs were determined by the Etest method according to the manufacturer's instructions (bioMérieux, Marcy l'Etoile, France). No EUCAST cefoxitin MIC susceptibility breakpoint is available. Thus, as suggested by the Antibiogram Committee of the French Microbiology Society (CA-SFM), we chose 8 mg/liter to this end (10) .
The probability of maintaining free cefoxitin plasma concentrations above the MIC was determined by simulating the pharmacokinetic profile of 10,000 subjects with creatinine clearance of 120 ml/min (NONMEM Software), using the model described by Isla et al. (11) . A protein binding of 70% was used. The dosage regimen was 2 g 4 times/day, and either 1-h, 4-h, or continuous infusion durations were tested. Four pharmacological targets were chosen: free cefoxitin concentrations above the MIC during 50% and 100% of the administration interval (TϾMIC ϭ 50% and TϾMIC ϭ 100%, respectively) and free cefoxitin concentrations above 4ϫ MIC during 50% and 100% of the administration interval (TϾ4MIC ϭ 50% and TϾ4MIC ϭ 100%, respectively). The MIC distribution used was the MICs of the cefoxitin-susceptible strains (Ն19-mm inhibition diameter). Table 1 displays ESBL-EC strains' susceptibilities to different antibiotic classes. According to the inhibition diameter measurement zones and to the MICs, 142 (97.9%) and 121 (83.4%) strains were considered to be susceptible to cefoxitin (Fig. 1) .
The probabilities of target attainment (PTA) for a dose of 2 g 4 times/day, with respect to MIC value and infusion duration, are presented in Fig. 2 .
For a target of TϾMIC ϭ 50% ( Fig. 2A ), 1 h of infusion enabled target attainment with a probability of Ն80% when MICs were Յ8 mg/liter. Four hours of infusion enabled target attainment with a 100% probability when MICs were Յ32 mg/liter. The probability of reaching TϾMIC ϭ 100% (Fig. 2B ) with a 1-h infusion was always lower than 50%, regardless of the MIC value. With a 4-h infusion, the PTA was Ն80% when MICs were Յ2 mg/liter. Continuous infusion allowed target attainment with a 100% probability for MICs of Յ32 mg/liter. Next, for a target of TϾ4MIC ϭ 50% (Fig. 2C) , a 1-h infusion enabled target attainment with a probability of Ն80% for MICs of Յ2 mg/liter. A 4-h infusion allowed target attainment with a 100% probability when MICs were Յ32 mg/liter.
Last, the probabilities of reaching TϾ4MIC ϭ 100% (Fig. 2D ) did not exceed 80% with 1-h and 4-h infusion, regardless of the MIC value. Continuous infusion enabled target attainment with a 100% probability when MICs were Յ8 mg/liter.
The probabilities of achieving TϾMIC ϭ 50%, TϾMIC ϭ 100%, TϾ4MIC ϭ 50%, and TϾ4MIC ϭ 100% considering the distribution of cefoxitin MICs in our E. coli population are reported in Table 2 .
Given its pharmacological properties, cefoxitin appears to be a good theoretical alternative to carbapenems in the treatment of ESBL-EC urinary tract infections (UTI). Indeed, unlike oxyimino cephalosporins, cefoxitin has shown to be stable against ESBL (3). Furthermore, cefoxitin is more rapidly bactericidal and less susceptible to inoculum effect than other beta-lactam antibiotics (12) . Besides, from an epidemiological point of view, this drug also seems to be a reliable carbapenem-sparing antibiotic, since 83.4% of our strains were sensitive to cefoxitin. This finding is in agreement with recent data suggesting that 90% of ESBL-EC strains remained sensitive to cefoxitin (13) .
To our knowledge, there are no randomized controlled trials assessing the clinical efficacy of cefoxitin in ESBL-PE pyelonephritis. However, two publications recently suggested that this antibiotic could indeed be an alternative to carbapenems in the treat- ment of ESBL-PE UTI. The first paper is a case report of a patient with bacteremia due to ESBL-producing Klebsiella pneumoniae (ESBL-KP) prostatitis who was successfully treated with cefoxitin (2 g 2 times/day for 3 weeks) and amikacin (6) . In the second paper, similar in vitro bactericidal activities for cefoxitin and carbapenems were demonstrated in an animal model of ESBL-EC UTI (7).
Our work emphasizes the clinical benefits of continuous betalactam infusions, as this route of administration is the sole route in our model to reach TϾMIC ϭ 100% and TϾ4MIC ϭ 100% with a close to 100% probability. Based on our results, we thus also recommend to avoid using 1-h infusion regimens and believe that 4-h infusions should be considered only in mild infections.
Our work has some limitations. First, it was performed in silico. Confirmatory clinical studies are thus mandatory. Second, its results cannot be generalized per se, since the distributions of MICs are not homogeneous among and even throughout countries (14) . Last, a limitation to cefoxitin use is the threat of drug resistance emergence under treatment. Indeed, cefoxitin resistance secondary to loss of porin has already been described in vivo in ESBLproducing Klebsiella pneumoniae (ESBL-KP) (15, 16) and in vitro in ESBL-EC (17, 18) .
To conclude, our study suggests that cephamycins could be used as an alternative to carbapenems in the treatment of ESBL-EC pyelonephritis. Constant infusion with a daily dose of 8 g is necessary within our range of MICs. For intermittent infusions, prior determination of the MIC is mandatory. a The probability of target attainment was calculated with all strains susceptible to cefoxitin according to antimicrobial susceptibility testing (n ϭ 142).
